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TRANS CRIPTTQNAI, RS fiTTTATrTOW OF SEWeS WCODTXIG VASCDIAR 

LTJiT. GROWTH FACTOR RECEPTORS 
nround nf the Inven-fcion 



5 This invention relates to endothelial cell 



regulation by TNF-a» 

Vascular endothelial growth factor (VBGP) is a 
potent and specific endothelial cell mitogen (Connolly et 
10 al., 1989, J. Clin. Invest. 84:1470-1478; Lexang et al»r 

ft 

1989, Science 246:1306-1309). Through interactions with 



Receptor /fetal liver kJLnase-l (KDR/flk-1) and fltl, VEGF 
plays critical roles in growth ajid maintenance of 

15 vascular endothelial cells and in the development of new 
blood vessels in physiologic and pathologic states 
(Aiello et al. , 1994, New Engl* J. Med. 331:1480-1487? 
Shweiki et al., 1992, Nature 359:843-845; Berlonan et al., 
1993, J. Clin. Invest. 91:153-159). The patterns of 

20 embryonic eacpression of VEGF suggest that it is crucial 



hemangioblasts and for development of blood vessels at 
all stages of growth (Jakeman et al. , 1993, Endocrinology 
133:848-859; Breier et al., 1992, Development 114:521- 

25 532). Among many potentially angiogenic factors, VEGF is 
the only one with patterns of expression, secretion, and 
activity that suggest a specific angiogenic function in 
normal development (Klagsbrun et al*, 1993, Current 
Biology 3:699-702). 

30 High-affinity receptors for VEGF are found only on 

endothelial cells, and VEGF binding has been demonstrated 
on macro- and microvascular endothelial cells and in 
quiescent and proliferating endothelial cells (Jalceman et 
al., 1993, Endocrinology 133:848-859; Jakeman et al. , 
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1992, Clin. Xnvest.* 89:244-253). The tyrosine Idnases 
KDR/fUc-l and £lt:l have been identified as candidate VEGF 
receptors by affinity cross^-linlcing and 
competition^^binding assays (de Vries et al., 1992, 
5 Science 255:989-991; Hillauer et al. , 1993, Cell 72:835- 
846; Teroan et al., 1992, Biochem. Biophys. Res. Conainm. 
187:1579-1586). These tvo receptor tyrosine Icinases 
contain seven similar esctracellular ismtanoglobulin 
domains and a conserved intracellular tyrosine kinase 

10 domain interrupted by a Icinase insert (de Vries et al. , 
1992, Science 255:989-991; Matthews et al., 1991, Proc. 
Natl. Acad. Sci. U.S.A 88:9026-9030; Terman et al. , 1001, 
Oncogene 6:1677-1683); they sure ea^ressed specifically by 
endothelial cells In vivo (Hillauer et al. , 1993, Cell 

15 72:835-846; Peters et al., 1993, Proc. Natl. Acad. Sci. 
USA 90:8915-8919; Quinn et al., 1993, Proc. Natl* Acad. 
Sci. USA 90:7533-7537; Yamaguchi et al., 1993, 
Development 118:489498). In situ hybridization in the 
developing mouse has demonstrated that KDR/flk-1 is 

20 expressed in endothelial cells at all stages of 

development, as veil as in the blood islands in which 
endothelial cell precursors first appear (Hillauer et 
al., 1993, cell 72:835-846). KDR/fUc-l is a marker for 
endothelial cell preciirsors at their earliest stages of 

25 development (Yamaguchi et al., 1993, Development 118:489- 

498) . 

The vascular endothelium is critical for 
physiologic responses including thrombosis and 
thrombolysis, lymphocyte and macrophage homing, 

30 modulation of the immune response, and regulation of 
vascular tone. The endothelium is also intimately 
involved in the pathogenesis of vascular diseases such as 
atherosclerosis (Ross, 1993, Nature 362:601-809). 
Although a number of genes expressed in the endothelixua 

35 have been characterized (Collins et al«, 1991, J. Biol* 
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Chem. 266:2466--2473; lademarco al., 1992, J. Biol. 
Chem. 267:16323-16329; Jahroudi al«, 1994, Mol. Cell. 
Biol. 14:999-1008; Lee et al., 1990, J*. Biol. Chesi. 
265:10446-10450), es^ression of tiiese genes is either not 
5 limited to vascular endothelium (e.g., the genes encoding 
von wlllebrand factor, endothelin-l, vascular cell 
adhesion molecule-l) , or is restricted to specific 
subpopulations of endothelial cells (e.g., the gene for 
endothelial-leukocyte adhesion molecule-1) • 

10 summary of the Invention 

The invention features substantially pure DNA, 
i.e., a promoter sequence, ^ich regulates endothelial 
cell-specific trcuiscription of a polypeptide-encoding 
sequence to which it is operably linked. The DNA of the 

15 invention contains a sequence substantially identical to 
nucleotides -225 to -164 of the KDR/fUc-l promoter, i.e., 

5 ^ TTGTTGCriCTGGG&TGTTCTCTCCTGGGCGACTTGGGGCCCAGCGC^ 
TGTGTGGG 3' (SEQ ID NO:l). By "substantially identical" 
is meant at least 80% identical to a reference DKA 

20 sequence, that is, up to 20% of the basepairs of the 
reference DHA sequence can be replaced with an 
alternative basepair (e.g., G-C replaced vith A-T, T-A, 
or C-6) , provided that the trcuiscription-promoting 
activity of the altered sequence is the same or greater 

25 than that of the reference sequence. The DNA may also 
include a sequence substaintially identical to nucleotides 
-95 to -77 of the KDR/flk-1 promoter, i.e., 
5/ 6CTGGCCGCACGGGAGAGC 3' (SEQ ID N0:2), a sequence 
siibstantially identical to nucleotides -95 to -60 of the 

30 KDR/ f Ik- 1 promoter, i.e., 

5' GCTGGCCGCACGGGAGAGCCCCTCCTCC6C 

CCCGGC 3 ' { SEQ ID NO : 3 ) , a sequence substantially 
identical to nucleotides +105 to +127 of the KDR/flk-1 
promoter, i.e., 5' GGATATCCTCTCCTACC66CAC 3' (SEQ ID 
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HOs4), or & cosibina^blon t:hereof» Preferably, t.he 5^ t.o 
3' orlent;ation of sequences is SSQ ID HO si; SSQ ID H0s2 
or SEQ ID M0s3| and S£Q ID HOs4. Hoi^eveTp Bmy 
orien'&at:ion of ^ese sequences Hiiich promotes endo^eli&l 
5 cell«specif ic transcription is witliin the invention o The 
WSSl may include a nonspecific sequence betie?een any two of 
the defined sequences, and/ or at either or both endso 
Preferably, this nonspecific (i»e«p sequence other than 
SSQ ID HO s 1-4 isrill constitute no sore than 30% of the 
10 entire promoter sequence, saost preferably, it is 

substantially identical to the sequence shoim in Table l 

(SBQ XD £S0S5) or Table 2 (SEQ ID NOs6}o 

A "^substantially pure DfiSA, <^ as used herein, refers 
to a DKA ^7hich has been purified from the sequences ^hich 

15 flank it in a naturally occurring state, ioe., a 

fragment ^hich has been removed from the sequences Hhich 
are normally adjacent to the fragment, eogo, the 
sequences adjacent to the fragment in the genome in ^ich 
it naturally occurs » 

20 A substantially pure DHA containing a sequence 

substantially identical to nucleotides -225 to -^268 of 
the KDR/flk-1 promoter (SSQ ID £}Os5; Table 1) or 
nucleotides -225 to -9-127 of the KDR/fUc-l promoter (SSQ 
ID HOs6; Table 2) and Ts^hich regulates endothelial cell» 

25 specific transcription of a polypeptide^encoding sequence 
or antisense template to Hhich it is operably linked is 
also t^ithin the invention » 

S^SiS S.S °S^5 to <i^SS3 

TTGTTGCTCTGGGATGTTCTCTCCTGGGCGACTTGGGGCCCAGCGCAGTCCAGTTGT 
3 0 GTGGGGS^ATGGGGAGATGTA&ATGGGCTTGGGGAGCTGGAGATCCCCGCCGGGTAC 
CC666T6&66G6C66(S6CTGGCC6CACG6GA6&GCCCCTCCTCCGCCCCGGCCCCGC 
CCCGCATGGCeCCGCCTCCGCGCTCTAGAGTTTCX5GCTCCAGCrcCC&CCC^ 
GAGTCCCGGGACCCeeGGAGAGCGGTCAGTGTGTGGTCGCTGCGTTTCCTCTGCCTG 
CGCCGGGC&TCACTTGCGCGCCGCAGAAAGTCCGTCTGGCAGCCTGGATATCCTCTC 
3 5 CTACC^GCACCCGCAGACGCCCCTGCAGCCGCCGGTCGGCGCCCGGGCTCCCTAGCC 
CTGTGCGCTeAACTGTCCTGCGCTGCGGGGTGCCGCGAGTTCCACCTCCGCGCCTCC 
TTCTCTSiSACAGGCGCTGGGAGAAAGAACCGGCTCCC (SEQ ID HOsS) 
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2S fe<& 4-127 



CC6CGTGAG6©GCGGGGeTgSCCGCS.C6GGAGS.C^CCCT 

CCCGC&TSSCCCCXSCCTCCGCGCTCTAGAGTTTCGGerCCAGCTCCC&CCCTGC^ 



CTACCG6C&C (SEQ ID £90 S 6) 

The DN& of the invention aay be operably linl&efi 
10 tOp and functions to regulate endothelial oell-'specif ic 
, tremscsription of^ a sequence encoding a polypeptide t£iat 
is not SDR/fl2c-=lc Eaaaples of such polypeptides include 
tissue plasainogen activator (tPA) , p21 cell cycle 
inhibitor, and nitric oxide synthase « By operably 
15 1 inked is aeant able to promote transcription of an sa»EIi 
corresponding to a poiypeptide=encoding or antisense 
template located downstream on the same DJJA strand o 

The invention also includes a vector containing 
the DMA of the invention, a method of directing 
20 endothelial cell«specif ic eaepression of a polypeptide by 
introducing the vector into an endothelial cell ir an 



The vector of the invention can be used for gene 
therapy, such as a method of inhibiting arteriosclerosis 

25 in an animal involving contacting an artery of the animal 
^ith the vector of the invention which directs the 
production of a polypeptide capable of reducing or 
preventing the development of arteriosclerosis, eogo, a 
polypeptide which reduces proliferation of smooth muscle 

30 cells, eogo, interferon^Y or 



She invention also includes compositions and 
methods of carrying out antisense therapy- For example, 
the invention includes a substantially pxire DMA with a 
35 sequence substantially identical to SEQ ID HOsl which 
regulates endothelial cell-specific transcription of an 
antisense tes^late to which it is operably linked, eogo. 



wo ^mam pcT/os5<fi/]i072s 

« 6 « 

preven'bs trai^La^ien of siSKA in^o an endotliellal cell 
pQlypep^iSsc By t:£^@ tesia &@mpl&t.@^ is mean^ a 

DH& ^hieb. is fcranseribed int^o an SNA ^Jliictx hybridises to 
5 laH^o Preferably, tb© eadotbelial cell polypeptide is 
KDR/flk-1. For e^&s^le, tbe antisense ISH:^ transcript 
%fbi.ch bis»is to and thereby prevents or reduces 
translation of an siBM& encoding KDR/fUc-l, a protein 
involved in angiogenesis, can be used to treat cancer by 
10 contacting a tismor site in an anis&al ^ith tbe of the 
invention to reduce or prevent angiogenesis at the tuaor 
siteo 

Translation of other endothelial cell polypeptides 
may also be reduced or prevented in this manner « For 

15 eswsiple, translation of cell cycle proteins, coagulation 
factors, e.g,, von Willebrand factor^ and endothelial 
cell adhesion factors, e^go , intercellular adhesion 
molecule»l (ICMS-l) or vasciilar cell adhesion molecule»l 
CVC^-1) M£iy be reduced or prevented o 

30 ^e invention also features a method of meaEsuring 

the ability of a candidate compound to modulate THF-*C2? 
downregulation VEGF receptor (e^go , KDR/f Ik-l or f Itl) 
gene esepressiono Xn this method, a cell containing the 
promoter of a VEGF receptor gene operably linked to a 

25 reporter gene is culttared in the presence of THF-g and 
the candidate compound » The level of expression of the 
reporter gene is then determined as a measure of the 
ability of the candidate compound to modulate THF-ot 
domnregulation of VEGF receptor gene e3cpression« 

30 Another method included in the invention involves 

measuring the ability of a candidate compoimd to modulate 
TMF-G inhibition of VEGF«induced endothelial cell 
proliferation. In this method, an endothelial call is 
cultured in the presence of TWF=a, VEGF, and the 

35 candidate compound « The level of endothelial cell growth 
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is determined (e«g«, by meastirement of uptake of [isethyl- 
[%3t:hyinidine} as a measure of the ability of tbe 
candidate compound to modulate TNF-*a inhibition of VE6F- 
induced endothelial cell proliferation. 
5 The invention also features a method of inhibiting 

angiogenesis in a patient involving administering to the 
patient a non-TNF-a compoxind which activates the THF-a 
pathway of dowxuregulating VE6F receptor (e.g., KDR/flk-x 
or fltl) gene esqpression in an endothelial cell. 

10 An additional method of the invention for 

inhibiting angiogenesis in a patient Involves 
administering to the patient a polypeptide which inhibits 
VEGF receptor (e.g., KDR/flk~l or fltl) gene expression 
in an endothelial cell by binding to the TKF-a-responsive 

15 element in the promoter of the VEGF receptor gene. 

The invention also features a method of enhancing 
angiogenesis in a patient involving administering to the 
patient a non-TNF-a compound which inhibits the THF-a 
pathway of downregulating VB&F receptor (e*g., KDR/flk^l 

20 or fltl) gene in an endothelial cell. 

Other features and advantages of the invention 
will be apparent from the following description of the 
preferred embodiments thereof, from the drawings, and 
from the claims. 

25 Detailed Description 

The drawings are first described. 
Drawings 

Fig. lA is a diagram of the human KDR/flk-1 
prcmoter. Restriction enzyme sites are indicated above 
30 the nucleotide seqpience, and nucleotide sequences —780 to 
+487 (SEQ ID NO: 7) are numbered on the left of the 
nucleotide sequence. The transcription start site is 
indicated by a curved arrow. Potential cis-acting 
elements are underlined. The Psti sites which were used 



- 8 « 

to gener&'be 'bSie s^lboprobe are doxxble under lin®dp SLsyS. 
seques^ce corresponding to the oligonucleotide ^hich was 
used for primer extension is underlined Hith an arroHo 

Pigo IB is a diagram of the murine KDR/flk-1 
5 promoter. Restriction enzyme sites are indicated above 
the nucleotide sequence. Nucleotide sequences <^29S to 
+205 (SEQ TD S90s8) are nimbered and potential cis-acting 
elements are indicated as in Figo 1&. asterisk 
indicates the 5' end of the cDM&o 

10 Figo 2h is a photograph of an electropheretic gel 

showing the results of a primer extension analysis of the 
KDR/fllc-1 transcription start site^ The oligonucleotide 
underlined ^ith an arrow in Fig. lA was hybridized to 20 
t&g of total frost human umbilical vein endothelial 

15 cells and HeLa cells or 3 MS of polyA* HOVSC SHA 

and yeast tRSSAo S^ension products were analysed on an 
8% polyacrylamide gel (lanes 1-4 s Yeast tRESA? HeLa total 
RS5A? HDVEC total RBSA? and HDVEC polyA"*" RM&) . A Sanger 
sequencing reaction primed on a plasmid DMA texqplate 

20 (with the same oligonucleotide primer) was run nesct to 
the primer eactension euialyses (lanes S-Ss S? A? T; C) o 

Figo 2B is a diagram showing the strategy for 
mapping the transcription start site of the KDR/flk-'l 
gene by ribonuc lease protection. 

25 Fig. 2C is a photograph of an electrophoretic gel 

showing a ribonuclease protection analysis of the 
KDR/flk--l transcription start site. Total RKA from HUVBC 
and Hel^ cells or polyA"*" HDVEC RKA and yeast tRWA were 
incubated with a 559-bp ^^P-labeled riboprobe spanning the 

30 immediate 5^ region of the hizman KDR/fUc-l gene. The 
annealing products were digested with RWase. Protected 
fragments were analyzed on a 4% polyacrylamide gel. The 
size markers (bp) were prepared by radiolabeling SX174 RF 
DMA digested with Haelll- Fig. 3A is a diagram 

35 showing the location of 5' deletion sites in the 
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SCDR/f Uc'^'l promoter o Locat:lon of delet^ion slices 1@ shonn 
xxk rela'&lon t:o consensus sequences for Icnown nuclear 
pro'belns - 

Figo 3B is a bar graph showing -bhe result of a 
5 functilonal analysis of "the husian KDR/fUc-l pros&o'ber Iby 
trransfection of lucif erase reporter cons'truc^ con'taining 
serial 5' deletions into bovine aortic endothelial cells 
(B&SC) « All constiructs were co-trans feoted i^rith pSV^gal 
to correct for transf ect^ion efficiency, and lucif erase 

10 act:ivity Has expressed as a percentage of pGL2 Control 
(Mean ± SEE?) o Figo 4A is a diagrasn shoving the 
loca'tion of 3^ deletion si'tes in 'the KDR/flk»l promoter « 
Lioe^tion of deletion sites is shoim in relation to 
consensus sequences for Icnomi nuclear proteins « 

15 Figo 4B is a bar graph showing the results of a 

functional analysis of 3' deletions on lQ3R/flk-l promoter 
activity in B&SCo Lucif erase activity is represented as 
a percentage of p6Li2 control « 

Figo 5 is a bar graph showing the effect of a GXSiL 

30 site mutation on KDR/fllc»l promoter activity « Mutation 
of the site at position -4-107 does not decrease the 

ability of the KDS./flk»l promoter to direct 
transcription o ^en transfected into BA£C, the plasmid 
pGL2-225-»-268 directed luciferase escpression comparable 

25 to that directed by pGLi2 Control, which contains the SV40 
promoter euid enhancer*. Nhen three bp of the GATA motif 
at *s-l07 were mutated to create p6L2 GATA-MDT, there was 
no significant difference in promoter activity. 

Fig. 6A is a photograph of a Horthem blot 

30 analysis showing that KDR/flk-l RHA egression is 

restricted to endothelial cells in culture. RHA was 
extracted from cells in culture and analyzed by Northern 
blotting using a hximan KDR/f Ik-l cDNA probe. The 
following cell types were tested: HOVEC (human umbilical 

35 vein endothelial cells) , HASHC (human aortic smooth 
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au^cle cells) 9 HZSMC (htman in'tes'tinal sxaootib. miiBcle 
cells) f fibroblasts (lixisaan cultxxred fibroblasts) , SD 
(btman embryonal rbabdoKyosarcoma cells) HeLa (huaan 
epidermoid carcinoma cells) , HepG2 (himaui hepatoma 
5 cells) / MCF7 (hixman breast adenocarcinoma cells), and 
U937 (himem histiocytic lymphoma cells) o 

Pigo 6B is a photograph of the same agarose gel 
sho^ in Pigo %/hich Has stained %7ith ethidi^ bromide 
(to visualise ribosomal sm) to show the amomit of 

10 loaded in each lcme« 

Figo 7 is a bar graph showing the results of a 
lucif erase assay » High*- level activity of the KDa/flk=-l 
promoter was found to be specific to endothelial cells. 
2!he luciferase reporter construct p6L2'-41cb+296 was 

15 transfected into cells in culture, and transfection 

efficiency was assessed 1^ monitoring cotransf ection with 
pSV^gal. Results are corrected for transf ection 
efficiency and es^ressed as a percentage of pGI*a Control 
activity for each cell type« The following cell types 

20 were testeds B&SCp bovine aortic endothelial cells? 

human choriocarcinoma cells; Saos»2, human 
osteosaircoma cells; &7r5, rat fetal smooth muscle cells; 
373, mouse fibroblasts; and HeLa^ human epidermoid 
carcinoma cells o 

25 Fig* 8 is a bar graph showing the effect of TWF«e 

on VEGF- induced proliferation of HUVEC, as measured by 
uptafee of methyl «[^H] thymidine « 

Pigo 9A is a photograph of a Northern blot 
analysis of a time course of TWF-C2« induced downregulation 

30 of sa)R/flk-l mSiaA eacpression in HOVBCo From left to 
right, the time points ares 0, 1, 2, 3, 6, 12, and 24 
hours, as indicated in Fig. 9Bo 

Figo SB is a bar graph of the results of the time 
coiarse of TNF--<s= induced downregulation of KDR/fl3c--l mRHA 

35 escpression shown in the photograph of Pig- 9A« 
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Fig. lOA Is a phot;ograph of a Noxrthem blot 
suialysis of a dose-response eacperiaent of TNF-a- induced 
downregulation of KDR/flk-l inRNA expression in HUVEC. 
From left to right, 1. 0.1, 1, 10, 50, and 100 ng/ml TNF- 
5 Q were used, as indicated in Fig. lOB. 

Fig. lOB is a bar graph of the results of the 
dose-response experiment of TNF-a-induced downregulation 
of KDR/flk-1 mRNA expression in HUVEC shown in the 
photograph of Fig. lOA. 
10 Fig. 11 is a graph showing the effect of 

Actinomycin D (ACD) on the levels of KDR/flk-1 RNA in 

* 

HDVEC. 

Pig. 12. is a photograph of tnnnun^recipi-bation 
analysis of KDR/flk-l protein in HOVEC treated with THF-o 
15 for 0, 12, and 24 hours. 

Isolation and caiaracterization ef KDR/flk->l Genomic 
Clones 

screening of Bunan and Mouse Genomic Libraries 

A 567-bp human KDR/flk-1 cDNA fragment was 
20 generated from HUVE C total RNA by reverse-tremscriptase 
polymerase chain reaction (RT-PCR) . This fragment was 
radiolabeled with [a-^^P3dCTP and used to screen a phage 
library of human placenta genomic DNA in the vector 
iFiacII (Stratagene, I*a Jo 11a, CA) . Likewise, a 451-'bp 
25 mouse KDR/f lK-1 cDNA was generated by RT-PCR from mouse 
lung total RHA and xised to screen a phage library of 
mouse placenta genomic DNA in the vector iDashZX 
(Stratagene) • Hybridizing clones were isolated and 
purified from each librsury, and phage DNA was prepared 
30 according to standsurd procedures. 
Cell culture and mRNA isolation 

BAEC were isolated and cultxired in Dulbecco's 
modified Eagle's medium (JRH Biosciences, Lenexa, KS) 
supplemented with 10% fetal calf serum (HyClone, Logan, 
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XJT) g 600 /&g of glu'b&Biine/sLL, 100 imi'bs of penlcillin/ml p 
ax^d 100 t^q of stsreptiaiQycin/ml o Calls ie?ere passaged every 
3<-5 days &nd cells froa passages 4-8 i^ere used for 
t:rasisf eo^ion e3£per imentis <> Saos-2 htaman ostebsaroosa 
5 cells (ATCC HTB»85) , Hel«a lumem epidermoid carcinosia 
cells (kTCC CRL-7923] , HepG2 human hepatoma cells (&TCC 
HB»8065} , hitman f ibroblas'&s (ATCC CRL-1634) , 17937 h^an 
histiocytic lymphoma cells (ATCC CRL'"7939) , RD hxmaxi 
e^ryonal rhabdomyosarcoma cells (ATCC CCL°136} , MCF7 

10 hixma:r) breast adenocarcinoma cells (ATCC HTB-22) , JSG»3 
human choriocarcincma cells (ATCC HTB-36) , A7r5 fetal rat 
aortic smooth muscle cells (ATCC CRIj»1444), and KIH 3T3 
mouse fibroblasts (ATCC CStL-1658) vere obtained from the 
American Type culture Collection c Primary ^-ciilture HDVBC 

15 ^ere obtained from Clonetics Corp« (San Diego, CA) and 
lyere gro^ in SGM mediim containing 2% fetal calf serum 
(Clonetics) o Primary --culture homan aortic and intestinal 
smooth sauscle cells ^ere also obtained from Clonetics 
Corp« All cells ^ere cultured in conditions identical to 

30 those for BAECjr with the exception that mediim used for 
smooth muscle cells ^as supplemented with 25 mM HEPSS 
( Sigma p Sto Louis ^ MO) and that HWEC were cultured in 
EGH mediim containing 2% fetal calf serum » 
Primary-culture cells were passaged every 4=6 days, and 

25 cells from passages 3-5 were analysed. Total SHA from 
cells in culture was prepared by guamidinium 
isothiocyanate es^traction and centrifugation through 
cesix3m chloride » 
stssSs s®qp©si@lsig 

30 Restriction fragments derived from the human and 

mouse KDa/fLk=>l genomic phage clones were subcloned using 
standard techniques into pSP72 (PrOTiega, Hadison, WX) or 
pBluescript XI SK (Stratagene) and sequenced from 
allcaline» denatured double-^stranded plasmid templates by 

35 the dideoiey chain termination method with SEQOSMASE® 2o0 
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mOi polymerase (Dziited States Biochemical , Cleveland, 
OH) « DHA was sequenced from botih directions at least 
twice r and both dGTP and dXTP sequencing protocols were 
used to resolve compress ion artifacts in the highly 
5 GC-rich 5' flanking region of the hxmem and mouse 

KDR/flk-l genes. Sequence emalysis was performed with 
the 6C6 software package (Genetics Computer Group, 
Kadison, WI) • 
PrdLmer Bztension Analysis 
10 Primer extension analysis was performed according 

to known methods, e.g., the method of Fen et al., 1993, 
Biochemistry 32:7932-7938. A synthetic oligonucleotide 

primer (5' CTGTCTAGAGAAGGAGGCGCGGAGGTGGAACT 3^; SEQ ID 

NO: 9) complementary to the 5' end of the humem KDR/flk-1 

15 cDNA (Fig. lA) was end-labeled with [y-^^P]ATP and 

hybridized to 20 M9 ot each SNA sample, which was then 
subjected to reverse transcription. Extension products 
were auialyzed by electrophoresis on an 8% denaturing 
polyacrylamide gel. 

20 Ribonuolease Protection Assay 

A 559-bp Pstl-PstI fragment of the human KDR/flk-1 
gene (Fig. 2B) was cloned in pSP72 as the template for in 
vitro transcription of an a-^^^P-labeled antisense RNA with 
T7 HNA polymerase (Boehringer Mannheim, Indiemapolis, 

25 IN) . Gel-pxirif ied riboprobe (5 x lO^ cpm) was hybridized 
with 20 Mg of total RNA or 3 fig of polyA ENA plus 17 Mg 
of yeast tRNA at 55 •C for 16 hours in am axmealing buffer 
containing 20 mM Tris-HCl, pH 7.40, 400 mM NaCl, 1 mM 
EDIA, and 0.1% sodium dodecyl sulfate in 75% formamide. 

30 After the RNA had been annealed, the unhybridized RNA was 
digested for 45 minutes at room temperature with 200 U 
RNAse Tl (Eoehringco: Maxuiheim) and 0.3 U RNAse A 
(Boehringer Mannheim) in a buffer containing 10 mM 
Tris-HCl, pH 7.50, 300 inM NaCl, 5 mM EDTA. The digestion 

35 products were then treated with proteinase K, extracted 



Hi*^ pbL@nolsGb.losrof Drsa, and analyzed by electz'ophos^asls 

* 

on a 4% denatiurlng polyacrylaxai.de gel<i 

Totial R£U^ (10 fi^) from cells in culture ^^sis 
5 fractionated on a le3% f orsKaldehyde—agarose gel and 
transferred to a nitrocellulose filter « She husian 
KDR/flk»l cDfiSA probe Has labeled with ^^P by ramdom 
priming, tbe labeled probe then ixsed to hybridise the 
filter o The filter was then autoradiographed for 16 
10 hours on Kodak X&R film at ^SO'^C. 

Plasmids pGL2 Basic and p€L2 Control contained the 
firefly lucif erase gene (Proiaega) o pGIi2 Basic had no 
. promoter, ^ereas pGXi2 Control was driven by the SV40 

15 prosaoter and enhancer. The plasmid pS^fiGM* (Pr omega) 
contained the ^^galactosidase gene driven by the SV40 
promoter and enhancer o 

Reporter constructs containing fragments of the 
hiyssaan ]n}R/flk»l 5' flemking region were inserted into 

20 p^2 Basic and naaied according to the length of tbe 
fragment (from the transcription start site) in the 5' 
and 3^ directions. For example, plasmid pGZ^»4kb{-296 
contained a hxxman KDE/flk»l promoter fragment esctending 
from approximately -4 kb 5^ of the trsinscription start 

25 site to position -f296 inserted into p6I^2 Basic Plasmids 
pG;L2»4Icb-s-296 and pGI«2-9O0-f296 were created by restriction 
digestion of purified pbage DK& by using 5' Be^mHI and 
PvuXZ sites, respectively, and the 3' XhoZ site at 
position -i-296. Plasmids p6L2-716+268, pGL2-570+268, 

30 PGL2-323-9-268, pGL2-225-i-268 , pGI*2°164-f268 , pGL2-374-268, 
pSL2=*225-M27, pGL2-225+105 , pGL2--225-i-56, and pGI*2-225-J-5 
were created from promoter fragments generated by PCR of 
human SiDR/flk-l phage Plasmids pGL2-116+268, p6L2- 

95-i-268p pG£32-77-S-258, p6I^-60+268, and p6L2»12+268 were 

35 created by digesting the promoter fragment contained in 
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plasmid pGL2-164+268 from the 5' end with exonuclease III 
(Pharmacia Biotech, Piscataway, NJ) • Plasmid pGl42 
GATA-MDT was identical to pGI>2-225+268 except that bp 
+108 to -hllO were mutated in the plasmid pGLZ GATA^-MOT. 
5 All cozistructs were sequenced from the 5' and 3' ends to 
confirm orientation and sequence. 
Mutagenesis 

Site-directed mutagenesis of the atypical GATA 
sequence located in the first exon of the human KDR/f 1X--1 

10 5' flainking region was performed by PCR using to the 
method of Higushi et al. , 1988, Nucleic Acids Res. 
16:7351-7367. A DNA fragment containing hu2&an KDR/flX-1 
bp -225 to +268 wais used as a template. The seqnience 
TGGAZATC %ra6 mutated to TGGTCGTC by using one set of 

15 mismatched primers, 5' tctggcagcctggtcgtccscctccta 3' (SKI 

ZD N0:10} and 5 ' TAGGAGAGGACGACCAGGCTGCCAGA 3' (SEQ ID 

NO: 11), and one set of primers flanlcing both ends of the 

tea^late, 5' TGCCTCjSAGTTGTTGCTCTGGGATGTT 3' (SEQ ID 
NO: 12) and 5' TGTAAGCTTGGGAGCCGCTTCTTTCTC 3' (SEQ ID 
20 NO: 13). The sequence of the mutated PGR fragment was 
confirmed 1^ the dideoacy chain tenoination method « 

Transf eot ions 

All cell types were transf ected by the calcium 
phosphate method known in the art with the exception of 

25 A7r5 cells, which were transf ected with DOTAP (Boehringer 
Msmnheim) as instructed by the manufacturer. In all 
cases, 20 A(g of the appropriate reporter construct was 
transf ected along with 2-5 fig of pSV)3gal to correct for 
variability in transf ection efficiency. Cell extracts 

30 were prepared 48 hours after transf ection by a detergent 
lysis method (Promega) . Lucif erase activity was measxired 
in duplicate for all samples with an EG&G Autolumat 953 
Ixminometer (Gaithersberg, MD) and the Promega Lucif erase 
Assay system. ^-Galactosidase activity was assayed using 



WO97y00957 



PCT/DS9C/10725 



- 16 - 

Icnown methods, e.g., l«ee et al., 1990, J. Biol. Chea. 
265:10446-10450^ 

The ratio of lucif erase activity to 
jS-galactosidase activity in each sample served as a 
5 measure of the normalized lucif erase activity. The 
normalized lucif erase activity was divided by the 
activity of p6L2 Control and expressed as relative 
lucif erase activity. Each construct was treuisfected at 
least six times, and data for each construct are 

10 presented as the mean ± SEK. Relative luciferase 

activity among constructs was compared by a factorial 
analysis of variance followed by Fisher's least 
significant difference test* Statistical significance 
was accepted at p<o«05« 

15 Isolation and Characterization of Buman and Marine 
KDR/flk-x Genomic clones 

Initial screening of a human placental phage 
library with a human KDR/flk-1 cDNA probe yielded a 
positive clone that was examined by restriction enzyme 

20 DMA mapping, subcloning, and sequencing. The 780-bp 

sequence of the promoter and first exon is shown in Fig. 
lA. Likewise, a murine KDR/flk-1 cDNA probe was used to 
screen a murine placental phage library, and one clone 
was identified and characterized. The sequence of the 

25 mouse KDR/flK-1 promoter is shown in Fig. 1B« 

Identification of the Transcription start site of Buman 
KDR/flk-l 

To identify the transcription start site of the 
human KDR/fUc-l gene, primer extension was performed with 

30 a complementary oligonucleotide probe corresponding to bp 
+212 to 4-243 (underlined with arrow. Fig. lA) . Primer 
extension was performed on total RNA from HUVEC and HeLa 
cells and on polyA RNA from HUVEC. Gene transcription 
was found to be initiated only in endothelial cells (Fig. 

35 2A} . A single transcription start site, corresponding to 
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a S)ueleo1:ide loca^ked 303 bp 5^ of tlie sllie of *^aE&sla*tion 
isii'tia'tion, ioe», the me-bhionine lnitiat:ion codon, vas 
iden1:ifiedo T]Ed.s nucleotiide was designated +1« The 
transcription start site is £iiglilighted in bold in tbe 
5 sequence, CCOrGC&CTGA (SEQ XO NOsl4) (see Figs« lA and 
2A) o The 5^C&3' nucleotide pair at this position is the 
most coi^on site for transcription initiation » 

To confirm the results of the primer e^ension 
studies, a ribonuclease protection asialysis ^im^ performed 

10 using an antisense riboprobe generated from a S59-bp 
genomic PstX-^Pstl fragment esctending 5' from position 
4-146 (Fig^ 2B; the PstX sites are double underlined in 
Figo IK) o Incubation of this probe ^srith HUVEC polyA SHS. 
and HDVEC total but not with total RKA from Hel^a 

IS cells, resulted in protection of a single fragment 

corresponding in length to the distance between the 3^ 
PstI site ai:^d the tremscription steirt site identified by 
primer eartension (Fig» 2C} » Despite the absence of a 
TATA consensus sequence, trsmscription of the htiman 

20 SDR/flk-1 gene %ras foxmd to begin from a single site 
located 303 bp 5^ of the translation initiation codon 
(Figo lA, curved arrow) » 
Z3@^tl£l©at±dm @f ei@«S^ti^g S©qm©n@@@ 

The 5' flanking sequence of the himan KDR/fUc-l 

25 gene contains regions rich in G and C residues and lacks 
TATA and CCAAT bosses near the transcription start site 
(Figo lA) o Comparison of this 5^ flanking sequence t^ith 
sequences in the Transcription Factors Database revealed 
a series of five Spl sites located between human 

30 KDR/flk-'l n^acleotides --12 4 and -39 o There aire two AP-2 
consensus sites at positions -95 and -68 and two inverted 
NFtcB binding elements at »130 and -83 interspersed among 
the Spl sites o Two atypical GATA consensus sequences 
(both GGATAT) are present in the KDR/flk-1 promoter, one 

35 at position -759 and the other at position +107 within 
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tlie mi^ranslat:ad portion of tlae first <B2son» In addition, 
srultiple CAMHTS elesients are located in tlie promoter at 
positions «591, --175, +71, and +184? C&S5KTG eleaents can 
be boiand by E=box binding proteins- The sequence 
5 JiAACC&AA, which is conserved aaoag genes es^ressed 
preferentially in Iceratinocytes, is present at human 
KDR/fllc-l position -508 • 

The human and mouse KDR/fllc«l promoters were 
compared to identify conserved consensus sequences for 

10 nuclear proteins (Fig^ IB) o Eleaents conserved between 
the .tHO species include t^o Spl sites located at 
positions --244 and -124 relative to the 5' end of the 
reported mouse cDS^ sequence, to?o AP=2 sites at positions 
*-lS8 and --148, a noninverted WFkB site at position *=-153, 

15 and the keratinocyte element AAKCCASA at position -195 «> 
an atsrpical GSSA. element (GG&T&A) is located in the 
untranslated portion of the first e^on of the mouse 
promoter at position +18; an atypical GATA element 
(SS&T&T) is located similarly in the human promoter » 

20 Also, a CAHKTG sequence is present 12 bp 5' of the G« and 
C=rieh sequences of the promoter at mouse KDR/fllc-1 
position -257, a location analogous to that of the CAWNTG 
element at position «175 of the human promoter o 
Conservation of these elements across species suggests 

25 that these regulatory elements have functional 
significance • 

s>(^l®ti@5eL asialysis o2 th® sia^a WR/SXit^^ ipr@Si©t(iir 

To identify DNA eleaents important for basal 
egression of KDR/flIc=l in endothelial cells, a series of 

30 lucif erase reporter plasmids containing serial 5^ 

deletions through the promoter region was constructed 
(Pigs. 3A and 3B) . These plasmid constructs in pGLZ 
Basic were cotransf ected into B&EC with pSV^gal (to 
isorTTiaet for differences in transfection efficiency) and 

35 tke lucifera.se activity was normalized to that of the 



wo ^MS^ 



- 19 - 

p6I2 Control vector driven by the SV40 promoter / erihaneer - 
The activity of the longest hi;&man KDR/fUc-l genomic 
fragaexxt, spanning hp «41cb to +296, was similar to that 
of the po??er^ul promoter/ enhancer and consistent 

5 Tjith the high level of KDR/fUc-^l mRKA expression in 
endothelial cells « Similar levels of activity ^ere 
produced in constructs containing as much as 15.5 kb of 
5^ flanlcing sequence. Serial 5' deletions from bp -41!cb 
to »225 caused no signif icaint change in promoter 
10 activity, implying that elements in this region are not 
important for basal activity of the KDR/flk-'l promoter . 

■ 

Deletion of sequences between bp '-225 aiid -=164 
significantly reduced KDR/flk-l promoter activity to 63% 
of the activity of the full promoter fragment (p<0o05)o 

IS These data suggest the presence of positive regulatory 
elements in this regiono Deletion of bp from -95 to «77, 
a sequence that contains one 3kB-2 site and one HFkB site, 
resulted in a further significant decrease in activity to 
20% that of pGl*2--4kb+296 (p<0o05)<, Fixrther deletion of 

20 bp from «-77 to -=60, an area containing an overlapping 
&P=2/Spl site, significantly reduced KDR/ffUc^-l promoter 
activity to less than 5% that of pGIi2-4kb+296 (p<OoOS)o 
Thus, 5^ deletion analysis revealed that many positive 
regulatory elements in the KDR/fUc-l promoter are 

25 necessary for high-level expression of the gene« 

The deletion analyses described above indicate 
that three sequences isrithin the 5' flanking region of the 
KDR/flk-1 gene contain elements important for eacpression 
in endothelial cells o Potential binding sites for Spl, 

30 AP-2, BTFkB, and E-box proteins located within these three 
positive regulatory elements in the hinaan KDR/fllc«l gene 
€ire also present in the mouse 5' flanking sequence, thus 
suggesting that they are functional binding domains. 
&P-2 is a developmentally regulated trans=acting factor 

35 (Mitchell et alo, 1991, Genes & DeVo 5sl05-119) without a 
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demonstrated role In endo-thelial cell gene regulation. 
NFkB Is thought to trans -activate the inducible 
expression of vascular cell adhesion molecule-l and 
tissue factor in endothelial cells (ladeniarco, 1992, J« 
5 Biol. Chem* 267:16323-16329; Moll et al. , 1995, J. Biol. 
Chem. 270:3849-3857) and is known to be a mediator of 
tissue-specific gene regulation (Leneordo et al., 1989, 
Cell 58:227-229) . Nuclear proteins that bind the E-box 
motif include the basic helix- loop-helix family of 

10 trans-acting factors. E-box binding proteins have not 
been clearly associated with endothelial cell gene 
expression, although members of this family are critical 
for proper maturation of m2Uiy cell types, including 
skeletal muscle and B lyxi^hocytes (Buskin et al., 1989, 

15 Mol. Cell. Bio. 9:2627-2640; Hurre et al. , 1989, Cell 
58:537-544) . 

To determine whether sequences in the first exon 
of hiiman KDR/f lk-1 are important for basal expression, a 
series of 3' deletion constructs from the vector p6L2- 

20 225+268, which is the smallest construct that possessed 
full promoter activity, was made (Figs. 4A and 4B) . 
Deletion of a fragment spanning bp +105 to +127 (SEQ ID 
HO: 4) caused a five-fold reduction in promoter activity 
(p<0.05), indicating the presence of a positive 

25 regulatory element in this region. 

The functional importance of the atypical GAZA 
site located between bp +105 and +127 of human KDR/flk-l 
was also exeuained. Three bp of the GATA motif in the 
fragment -225 to +268 were mutated to GTCG by PGR to 

30 create the mutant, pGL2 GATA-MDT. Mutation of these bp 
in the GATA motif eliminates GATA-2 binding activity in 
the endothelin-1 gene promoter. In contrast, there was 
no signif icemt decrease in promoter activity in BAEC with 
the pgTr? GAZA-HCJT construct containing the mutated 
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atypical G&SA sequence cosapasred to tbs native p6L2» 
225+2S8 psroffioter construct, (p>0o05? Figo 5) o 

Foxxr zinc finger-containing tramscription factors 
in the GATA protein family bind to the consensus sequence 
5 (A/TjGATACA/G) and regulate cell type«specif ic gene 
escpression in many cell lineages (Orlcin, 1992, Blood 
80s 575-581); among these, GATA=»2 has been aost closely 
linked to endothelial cell gene eaepressiono GA2:!A-2 
fimctions as an enhancer of endothelin-*! gene egression 

10 and acts to restrict expression of von Willebrand factor 
to endothelial cells o Himan KDR/flk-^l 5' flanking region 
Has found to have ta?o potential GATA-binding sequences, 
at positions =759 and +107 • Loss of the element located 
at position =759 had no effect on egression of JmR/flk-^l 

15 in endothelial cells » The potential GATA element at 
position -^107 is located in a region of the first esson 
which has now been identified as a powerful positive 
regiaaatory element (SEQ ID WOs4)<. Although this GA2A 
sequence (66ATAT) differs from the 6ATA=binding sequences 

20 off endothelin=l amd von willebrand factor and from the 

consensus GATA sequence (A/T)GATA(A/G) , the data suggests 
that it is the functional motif in the region between 
•MO 5 and +127 because the functional GATA site in the von 
Willebrand factor gene is located similarly in the first 

25 exon, and becaiase a similar GATA element is found in the 
first exon of the mouse KDR/flJc-1 geneo Mutation of 
three bp in this element (GATA to GTCG) , which had been 
observed to prevent trans-activation of the GATA 
cis=acting element in the endothelin=l promoter, was 

30 found to have no significant effect on KDR/flk-1 promoter 
activity (Fig. 5) » Thus, the deletion analyses and 
mutagenesis stiadies do not support a functional role for 
the two GATA sequences in the human promoter in its 
high-level activity in endothelial cells o These 

35 observations suggest that transcription factors other 
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tit&n GXlTK prolieins are s^ecessary f er egression of the 

5 Although £S)R/flk»l es^ressxon is restricted to 

endothelial cells in vl^ro, it does not necessarily follow 
that its egression ^ould be limited to endothelial cells 
in cultisre. To determine whether a tissue cul^ture system 
is suitable for studying cell-type specific regulation of 

10 the KDR/fUc^l gene, Slorthem analysis of SK& extracted 
from, varioxis cells in culture was performed. KDR/flk^l 
message was detected in HUVSC but not in primary-culture 
cells (human aortic and intestinal smooth muscle cells 
and fibroblasts) or hisman cell lines (BDp HeLpa, Hepe2, 

15 MCF7, and U937) (see FigSo 6A and SB). Similarly, 
sa}R/flX-l message was not detected by RT»PCR in HeLa, 
A7r5, or 3T3 cells » Thus, egression of KDR/fHSc-l 
message in tissue culture appears *to be restricted to 
endothelial cells, as it is in vl^Oo 

20 To determine whether 5^ flanking sequences of the 

KDR/flk-l gene can confer endothelial cell -specif ic 
expression in cultured cells, pGIi2=41cb-^296, which 
contains owr 4 2cb of the human KDR/flk-1 5^ flanking 
sequence and includes most of the tmtranslated portion of 

25 the first eson, was transfected into a variety of cell 
types in culture (Fig. 7)« Reporter gene expression 
driven by the pG£^'=^41cb+296 promoter fragment was similar 
to that driven by the potent SV40 pr omoter/ enhancer » In 
JEG=-3, Saos-2, A7r5, 3T3 , and HeLa cells, however, 

30 eacpression driven by the pGL2-4kb-5-296 promoter was 
markedly lower, demonstirating that induction of 
high<-level expression by these promoter sequences is . 
specific to endothelial cells » A similar expression 
pattern was observed using a reporter plasmid containing 

35 15o5 kb of S[DR/flk"l 5^ flanking sequence. 
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mese data indicate tbiat the activity of the 
EODR/flk-*! promoter in endothelial cells is similar to 
that of the potent prraaoter/ enhancer and that this 

high-level activity is specific to endothelial cells; 
5 activity in other cell types is aarlcedly diminished o 
Lowp but detectable, promoter activity Has observed in 
transient transfection assays of cell types that do not 
eaepress the KDR/flk«l gene in vivoj it is possible that 
other silencer elements eatside of the 15 « 5 ]!cb 5^ 

10 flanking region are necessary to block promoter activity 
completely in non^-endothelial cells o Alternatively^ the 
content of the promoter in relation to normal chromatin 
structure may be essential for precise regulation of the 
geneo The results described above suggest that 

15 tissue-'Speeif ic regulation of KDR/fllc^l involves a 

complex interaction betveen knotm, widely distributed 
nuclear factors and other, undefined elements o 



TOgg^ Dornireerolates SCDR /flk°l and fltl Eroressjon 

@(e11 eultisr® £@olatlo^ 

20 Primary=culture HOVEC and H&EC were obtained from 

Clonetics Corp* (San Diego, CA) and were grown in M199 
medium supplemented t^ith 20% fetal calf serum (Hyclone, 
Logan ^ UT) ^ 30 mg endothelial cell gro%^th substance 
(S^S, Collaborative Biomedical, Bedford, XSA) ^ 25 mg 

25 heparin, 600 jisg of glutamine/ml, 100 units of 

penicillin/ml, and 100 (ig of streptomycin/ml, in gelatin- 
coated tissue cultiire plates. Bovine aortic endothelial 
cells (BaEC) vere isolated and culttared in Dulbecco's 
modified Eagle's medium (JRH Biosciences, Lenexa, KS) 

30 supplemented with 10% fetal calf senxm^ Primary -culture 
cells were passaged every ^-6 days and experiments were 
performed on cells three to six passages from primary 
culture o After the cells had grown to confluence, they 
were placed in serum-deprived medium (M199 medium 
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st^plemented with 5% f efcal calf senm without ECGS) • 
Recombinant human TNF-a (Genzyme, Cambridge ^ H&) was 
aliquot ed and stored at -80^C until use. Total SNA from 
cells in culture was prepared by gxiauaidinium 
5 isotbiocyanate extraction and cantrifugation through 
cesium chloride (Sambrook et al., 1989, Molecular 
cloning: A Laboratory Manual, Second Edition, Cold 
Spring Harbor Laboratory Press, Cold Spring H£u:bor, Mew 
York) . 

10 Horthem Analysis 

. SUA blots were hybridized as described (Li et al« , 
1995, J. Biol. Chem.* 270:308-312). Total KKA (10 /ig) 
from cells in culture was fractionated on a 1.3% 
f ormaldehyde-agarose gel and trsuisferred to 

15 nitrocellulose filters. cDHA probes were labeled with ^^P 
by random priming and used to hybridize to the filters. 
Filters were then washed and subject to autoradiography 
for 4-8 hours on Kodak XftR film at -80 ^C. Filters were 
stripped of radioactive probe in a 50% f ormamide solution 

20 at SO^'C and rehybridized with an end-labeled 18S 

ribosomal BKA oligonucleotide to correct for loading. 
Filters were scanned and radioactivity was meastured on a 
Phosphorlmager runndLng the ImageQuant software (Molecular 
Dynamics, Sunnyvale, CA) . To correct for differences in 

25 SNA loading, the signal intensity for each RKA sample 
hybridized to the cDNA probes was divided by that for 
each sample hybridized to the 18 S ribosomal RNA probe. 
Plaamids 

A 567-bp human KDR/flk-1 cDNA fragment was 
30 generated from human umbilical vein endothelial cell 

(HDVEC) total RMA by the reverse-transcriptase polymerase 

■ 

chain reaction (RT-PCR) (Sambrook et al. , 1989, Molecular 
Cloning: A Laboratory Manual, Second Edition, Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, New 
35 York), as previously described (Patterson et al., 1995, 
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J. Biol. Chen. 270:2311-23118). The human fltl cDNA 
clone was generously provided by Dr. Timothy Quinn 
(Universi-ty of California , San Francisco) . 
nuelaax Bim«»oii Analysis 

5 Confluent HDVEC were treated with either vehicle 

(control) or TNF-a (1 ng/ml) for 18 hours. The cells 
were suhsecpiently lysed, and the nuclei were isolated, as 
described in Perrella et al. (Perrella et al., 1994, J. 
Biol. Chem, 269:14595-14600). Nucleeir suspension (200 

10 fil) was incubated with 0,5 nM each of CTP, ATP, and GTP, 
and with 20 /xci of ^^P-labeled UTP (3000 Ci/mmol, 
DuPont/NEN, Boston, Kk) « The seuaples were extracted with 
phenol/chloroform, precipitated, and resuspended at equal 
coxints/minute/ml in hybridization buffer (15 x 10^ 

15 counts /minute/ ml ) • Denatured probes (1 fig) dot-blotted 
onto nitrocellulose filters were hybridized with the 
samples at 40 for 4 days in the presence of formamide. 
cDHAs for the KDR/flk-l and ^-actin genes were used as 
probes. The filters were scanned and radioactivity was 

20 measured on a Phosphor Imager running XmageQuant software. 
The amount of sample hybridizing to the KDR/flk-1 probe 
was divided by that hybridizing to the p-actin probe, and 
the corrected density was reported as the percentage 
chauige from the control. 

25 imranoprecipitatlon 

HUVEC in confluent monolayers were serixm-deprived 
for 24 hours and treated with TNF-a (1 ng/ml) or vehicle 
for the indicated times. The cells were incubated with 
^Sg-aethionine (100 ^ci/ml, DuPont/KEN) for two hours and 

30 lysed in RIPA buffer at 4«C for ten minutes. After 
sedimentation of the insolxable fraction, the protein 
extract was pre-cleaned with Protein A sepharose 
(0.1 Mg/Alr Pharmacia Biotech, Piscataway, NJ) for one 
hour at 4*^C followed by centrifugation and collection of 

35 the supernatant. Protein concentrations in the whole 
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cell lysates vere det:ermined by a modified Lowy 
procedure (DC protein assay; Bio-Rad, Melville, SJY) aad 
were confirmed by SDS-polyaerylamide gel fractionation of 
sas^les followed by Cooaiassie Blue staining Protein 
5 saaples (500 tiq) were diluted to 1 Mg/Ml ^ith 

isaaunoprecipitation buffer (50 siM Tris-Cl, pH 8o0, 150 xaM 
KaCl, Ool% SDS, 1 15IP40, OoStk sodium deoxycbolate, 2 siE€ 
EDTA, 0o5 sM DTT, Go 02% sodium azide) plus 4 mg/ml BSK, 
and roc3ced gently at 4'C for one hour« Specific smtibody 
10 Vas added to a concentration of 50 M9/m1 the sample 
Has rocked at 4^C for l«5 hours • Protein A sepharose (10 

« 

1^) ^mB added and rocking Has continued for 1»5 boixrso 
•iEbe ant igen=antibody "Protein A sepharose conjugates Here 
removed by centrifugation and Hashed four times nith 

15 imssunoprecipitation buffer- The conjugates Here 

denatured at 100 ®C for 5 minutes in Laemmli btiffer and 
sise fractionated on a 7% SDS-polyacrylamide gel^ nhich 
Has then vacuum**dried and subject to autoradiography. 
Autoradiograms Here scanned nith a HOHtek Scanmaster 3+ 

20 (Hudson, SJH) lising Adobe Photoshop 3.0^ and Scion Image 
lo55 Has used to guantitat® the immimoprecipitated 
protein » 

£^3Shs^Sl2L@ E5si©@rp@^sti@a ■ 

HOVEC groHn to near confluence in gelatin-coated 

25 24 "-Hell tissue culture plates Here Berum«=-deprived and 
pretreated nith vehicle or TS^F-a (1 ng/ml) for 12 hoixrs 
before addition of recombinant human VSGF (10 ng/al. 
Collaborative) or vehicle. Cells Here treated nith VEGF 
for 24 hours and Here labeled nith methyl -[%]thysaidine 

30 (DuPont/EIEN) at 1 ^ACi/ml during the last three hoxars of 
VEGF treatment. After labeling, the cells Here Hashed 
Hith phosphate-*buf fared saline, fixed in cold 
10% trichloroacetic acid, and Hashed nith 95% ethanol* 
Incorporated [^] thymidine Has extracted in 0.2 M NaOH 

35 and measured in a liquid scintillation counter. Values 
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^ere e^ressed as 'bhe aiean ± SEM from 6 ^ells frosa tx^o 

appsropria^e, da^a from image analyses and 
5 [^H] thymidine incorpor action ^ere escpressed as the mean 
± SESto Statistical analysis of multiple treatment groups 
was performed tasing a factorial analysis of variance 
follo%fed by Fisher's least significant difference testo 
Statistical signiflcsmce ^s accepted at p<0.05. 
10 ;S££<it@t @£ TSSW^& Sa&oth@li&l G@ll 

l^©li£®rBti@s^ 

T 

SHF-ffi has previously been demonstrated to blunt 
the mitogenic action of acidic smd basic fibroblast 
groiTth factors on bovine aortic endothelial cells in a 

15 concentration-'dependent maimer C Sister «»Schr Oder et alo, 
1987, ProCa Matlo Acad, Scio tJSA 84 s 5277-5281) • To 
determine whether THF-a also blocks the proliferative 
effect of VE6F on hisman endothelial cells, thymidine 
incorporation ^as measured as a marker for DUSK synthesis 

20 after stimulating HDVEC with human recombinant VEGF. In 
serums-deprived HUVEC, pretreatment with THP=(x alone in 
concentrations similar to those used by Frater^-Schroder 
et alo (Frater-Schroder et ale, 1987, Proco Katlo Acad, 
Scio USA 84s5277'-5281) decreased [ ^H] thymidine 

25 incorporation only slightly in cosoparison to HDVEC 
pretreated with vehicle (Fig- 8), In comparison to 
control cells, VEGF treatment alone potently ex^ihanced 
[%] thymidine incorporation in HDVEC by 2 « 3-fold, as has 
been previously demonstrated (Connolly et al-, 19 B9, Jo 

30 Clino Investo 84sl470--1478) . However, pre--treatment of 
HDVEC with THF--G totally abolished the effect of VEGF on 
DMA synthesis* These results demonstrate that TSF-^a 
blocks the proliferative response of HDVEC to VEGFo 
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Dovnrogula^lon of TBGF Reoeptor mSlA by TKF^ la HUyBC 

The 5.7 kb KDR/£1X-1 nHNA is constitut^ively 
expressed in HDVEC (Pa't'kerson e^ al., 1995, J» Biol* 
Chem. 270:2311-23118). The 7.0 kb flUl aRMA is also 
5 abundeui1:ly esqpressed by HUVEC in culture. Treatment: of 
HOVEC with 

TNF-a (10 ng/ml) resulted in a decrease in the BffiOIA for 
both receptors (KDR/£lk-*l and fltl) that was evident by 6 
hours ^ and that reached 28% and 33% of 0-hour values, 

10 respectively, for KDR/flk-l and fltl after 24 hours of 
treatment (Figs. 9 A and 9B) . That this effect was due to 
TMfF-a alone, and not to serum deprivation # was 
demonstrated by including a control ssuaple which was 
serum-deprived for 24 hours eaxd treated with vehicle 

15 alone; serum deprivation alone actually slightly induced 
both KDR/fllc-l and fltl messages. To exclude the 
possibility that the downregulation of these two 
receptors was due to a generalised decrease in mRKA 
production induced by TKF-a, the same blots were 

20 hybridized to a humeoi hepar in-binding epidermal growth 
factor- like factor (HB-EGF) probe. Under these 
conditions, TNF-a induced a biphasic increase in HB-EGF 
message, consistent with the results of previous 
experiments (Yoshizumi et al., 1992, J. Biol. Chem. 

25 267(14} :9467-9469} . To demonstrate that the effect of 
TNF-a was not specific to endothelial cells of venous 
origin, identical experiments were performed with human 
aortic endothelial cells (HAEC) . A similar potent 
decrease in the message for both receptors was noted in 

30 HAEC. The message for KDR/flk-1 was also decreased by 
TNF-a in bovine aortic endothelial cells, demonstrating 
that the effect of TNF-a is not species- specif ic. 

TNF-a also decreased the messages for KDR/flk-1 
and fltl in a dose-dependent fashion (Figs. lOA and lOB) . 

35 As little as 1 ng/ml TNF-a inhibited the mRNA for both 
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receptiore to near maximal levels, with KDR/flk-l being 
slightly more sensitive than f Itl to the effects of TNF-o: 
in HUVEC. Thus, TNF-a specifically downregulates the 
luRNA for the VEGF receptors KDR/flk-1 and fltl in a time 
5 and dose-dependent fashion in human endothelial calls » 
ZHF-a Decreased the Rate of Transcription, But Bad Ho 
Effect on the Balf-Life, of KDR/flk-l 

To determine whether THP-o affected the steady- 
state level of KDR/flk-1 mRNA by increasing its rate of 

10 degradation, KDR/flk-1 mRNA was measxired in the presence 
of actinomycin D (ACD; 5 fig /ml) . The KDR/flk-l mRNA 
half -life was 1.9 hoxirs in the absence of TNF-a and 
increased slightly, to 2.6 hours, in the presence of TNF- 
a (Pig. 11). In similar experiments, the mRNA half -life 

15 of fltl was found not to be decreased by TNF-a in HUVEC. 
Thus, the THP-a- induced decrease in the level of KDR/fUc- 
1 and fltl mRNAs in HDVEC was not due to a decrease in 
the stability of the mRNA. 

Nuclear run-on eacperiments were performed to 

20 determine the rate of KDR/flk-1 gene transcription in the 
presence or zU^sence of TNF-a, and to compaire it with the 
rate of transcription of the const itutively expressed ^- 
actin gene. TNF-a decreased the rate of KDR/flk-1 gene 
tremscription (measured in Phosphorlmager units) to 40% 

25 of baseline, but had no effect on the transcription of fi- 
actin. Thus, the TNF-a- induced decrease in KDR/flk-1 
mRNA was due to a decrease in the rate of transcription 
of the gene in HUVEC and not to a change in the stability 
of the mRNA. 

30 The Decrease in KDR/flfc-l mRNA by THF-o is Protein 
SyBthesls-Dapeiident 

Whether the decrease in KDR/flk-l mRNA required 
protein synthesis was examined using the protein 
synthesis inhibitor anisomycin. Concentrations of 
35 anisomycin used (50 ^M) were five times higher than those 
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i^Gh ixdiibit proteia synthesis in HUVEC by gsrester than 
95%, as Pleasured by [%] leucine uptake. Anisosiycin alone 
had little effecst on iOJR/f lk«l egression at this dosso 
However, pretreatment with anisomycin significantly 
5 blunted the effect of TNT-ci on KDR/flk-1 expression (29% 
vs. 65%, p<0o05), indicating that the effect of on 
KDR/flk-1 in HDVEC was at least partly dependent on new 
protein synthesis o These results did not vary with the 
protein synthesis inhibitor used, as cyclohesimide caused 

10 an identical inhibition of the TMF-=-ff effect. Our studies 
also show that the effect of TNF-a on f Itl egression is 
similarly protein synthesis-^dependent in HirraCo 
S3gi»=te B(segm©ea S5©^ SSa/fl&^-i ^ot©ia Systi^t^sis ia KWWBG 

IsBSunoprecipitation of ^^S-labeled Hirysc lysates 

15 was perf orsaed to desionstrate the production of 
ismunoreactive KDR/fUc-l protein by HUVEC and to 
determine whether the decrease in KDR/f lk»l siBHA was 
accompanied by a decrease in protein synthesis. A rabbit 
anti-huiaan BODR/flk-'l antibody (Santa Crus SC^-xacx) 

20 isaunoprecipitated a single species with a molecular mass 
of approximately 205 kDa, consistent with the size of 
full length KDR/flk-*l protein when expressed in, and 
iaaunoprecipitated from, BTIH 3T3 or COS7 cells (Quinn et 

alo, 1993, ProCo Matl. Acado Sci. USA 90 (16) s7533-7537? 

25 Hillauer et alo, 1994, Mature 367 (6463) s 576-579) o An 
identically sized species was detected by an antibody 
raised against a different KDR/fllc--i epitope (Santa crus 
SC=xxy) , but not by an rabbit antibody raised in a 
similar fashion to the transcription factor Spl, 

30 demonstrating the specificity of this interaction. 

Treatment of HDVEC with TNF--tt for 12 hours increased ^^S« 
labeled KDR«?f lk«-l protein levels slightly (<40%) , but 
' reproducibly, raising the intriguing possibility that 
THF--a also regulates KDR/fllc=l at the translational or 

35 post=translational level o After 24 hoiars of THF«tt 
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treatment^ ^^S-labeled KDR/fUc-l protein levels were 
decreased t:o 18% of control levels, confirming tJiat: the 
decrease in KDR/f Ik-l slRNA induced by TNF-a is 
accosipanied by a similar decrease in KDR/flk-l protein 
5 expression (Fig. 12) . 



use 

The DNA of the invention promotes endothelial 
cell-specific transcription of DNA sequences to which it 



10 to direct or prevent the expression of genes specifically 
in endothelial cells. The invention provides the basis 
for novel therapeutic approaches to vascular diseases 
such as arteriosclerosis, as well as non-vascular 
diseases such as cancer, e.g., solid tiamors, and 

15 inf lamxoatory diseases, e.g., rheumatoid arthritis and 
diabetic retinopathy, as described in Eacaa^les 1 azui 2 



The invention also provides methods for 
identifying compounds which (1) modulate TNF-a 

20 downregulation VEGF receptor (e.g., KDR/flk-1 or fltl) 

gene expression (Example 3, below), or (2) modulate TNP-a 
inhibition of VEGF-induced endothelial cell proliferation 
(Exan^le 4). Confounds found to enhance TNF— a 
downregulation of expression of a VEGF receptor gene or 

25 enhance T2^— o inhibition of VEGF-induced endothelial cell 
proliferation can be used in methods to inhibit 
angiogenesis , while compounds found to enhance TKF*a 
downregulation of KDR/flk-1 or enhance TNF-a inhibition 
of VEGF-induced endothelial cell proliferation can be 

30 used in methods to promote angiogenesis, for example, to 
promote wound healing (e.g., healing of broken bones, 
bums, diabetic ulcers, and traumatic or surgical wounds) 
or to treat peripheral vascular disease, atherosclerosis, 
cerebral vascular disease, hypoxic tissue damage (e.g.. 
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hypoacic damage "bo heaz^ 'tissue) , diabet:ic pathologies 
such as chronic skin lesions, or coronary vascular 
disease. These COT^>otinds can also be used to treat 
patients vho have, or have had, transient Ischemic 
5 attacks, vascular gra^Ct siirgery, balloon angioplasty, 
frostbite, gangrene, or poor circulation. As Is 
described In Example 5, Identification of the cls-actlng 
sequences In the KDR/flk-1 gene required for 
downregulatlon by TNF<-a provides the basis for additional 
10 therapeutic methods for these conditions. 

9 

fixample 1; Gene Therapy 

The Invention can be used for gene therapy 
treatment of vascular diseases. The DNA of the invention 
can be used alone or as part of a vector to express 

15 heterologous genes, e.g., genes which encode proteins 
other than KDR/flk-1, In cells of the blood vessel wall, 
i.e., endothelial cells, for gene therapy of vascular 
diseases such as arteriosclerosis. The DMA or vector 
containing a sequence encoding a polypeptide of Interest 

20 is introduced into endothelial cells which In turn 
produce the polypeptide of Interest. For example, 
sequences encoding t-PA (Pehnica et al. , 1982, Mature 
301:214), p21 cell cycle inhibitor (El-Delry et al., 
1993, cell 75:817-823), or nitric oxide synthase (Bredt 

25 et al., 1990, Nature 347:768-770) may be operably linked 
to the endothelial cell-specific promoter sequences of 
the invention and expressed in endothelial cells. For 
example, thrombolytic agents can be expressed under the 
control of the endothelial cell--specif ic promoter 

30 sequences for eacpresslon by vascular endothelial cells in 
blood vessels, e.g., vessels occluded by aberrant blood 
clots. Other heterologous proteins, e.g., proteins \rtiich 
inhibit smooth muscle cell proliferation, e.g., 
interferon-^Y and atrial natriuretic polypeptide, may be 
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specifically expressed in endo*thelial cells -to ensure "the 
delivery of tliese Uierapeutzic pep'tides 'to an 
curberiosclerotic lesion or an area a't risX of developing 
an art;eriosclerotic lesion, e.g., an injured blood 
5 vessel . 

The endothelial cell-specific promoter sequences 
of the invention may also be used in gene therapy to 
promote angiogenesis to treat diseases such as peripheral 
vaisculEar disease or coronary artery disease (Isner et 

10 al., 1995, Circulation 91:2687-2692). For exas^le, the 
DK2^ pf the invention can be operably linked to sequences 
encoding cellular growth factors which promote 
angiogenesis, e.g«, VEGF, acidic fibroblast growth 
factor, or basic fibroblast growth factor. 

15 According to the invention, the DNA of the 

invention is located sufficiently close to the coding 
sequence to be transcribed that it functions to direct 
expression of the polypeptide in an endothelial cell. 
For example, SEQ XD NO:l, 2, and 3 aire preferably located 

20 5^ to the treuiscription start site, and SEQ XD NO:4 is 
located 3' of the transcription start site. However, 
these sequences may be in any order relative to the 
transcription start site provided that endothelial cell- 
specific promoter activity is preserved. 

25 Py?^p1^ 2! Antisense Therapv 

The DNA of the invention may also be used in 
methods of antisense therapy. Antisense therapy may be 
carried out by administering to an euiimal, e.g., a human 
patient, DNA containing the endothelial cell-specific 

30 promoter sequences of the invention operably linked to a 
DNA sequence, i.e., an antisense template , which is 
transcribed into an emtisense SNA. The cmtisense RNA may 
a short (generally at least 10, preferably at least 14 
nucleotides, and up to 100 or more nucleotides) 

35 nucleotide sequence formulated to be complementary to a 



portion of a specific ssBHA secpiencec The anfeisense 
te^pL&te is preferably located fiownstream f roa tlie 
promoter sequences of the invention. A poly A tail is 
typically located at the end of the antisense sequence to 
5 signal the end of the sequence. Standard methods 
relating to antisense technology have been described 
(Elelani et alo , Cancer Res. 5ls2897-2901, 1991)- 
Follo^ring transcription of the DNA sequence into 
emtisense RKA, the antisense KNA binds to its target x&RHA 

10 molecules within a cell, thereby inhibiting translation 
of the siRHA and down'='regulating e3qpression of the protein 
encoded by the aSHA. For example, axx antisense sequence 
complemente^ry to a portion of or all of the iODR^f llc-l 
mSKA (Terman et alo, 199 l,r Oncogene 6s 1677-1683) would 

15 inhibit the esepression of KDR->fllc«l, which in turn would 
inhibit angiogenesiso Such antisense therapy may be used 
to treat cancer, particularly to inhibit angiogenesis at 
the site of a solid tumor, as well as other pathogenic 
conditions which are caimsed by or exacerbated by 

20 angiogenesis, eog«, inflammatory diseases such as 
rheumatoid arthritis, and diabetic retinopathy*, 

The expression of other endothelial cell proteins 
may also be ii^hibited in a similar manner. For example, 
the DMA of the invention cam be operably linked to 

25 antisense tea^lates which are transcribed into antisense 
RHA capable of inhibiting the expression of the following 
endothelial cell proteins s cell cycle proteins (thereby 
inhibiting endothelial cell proliferation, and therefore, 
emgiogenesis) ; coagulation factors such as von Willebrand 

30 factor; and endothelial cell adhesion factors, such as 
ieaH-1 and VCAM--1 (Bennett et al<., 1994, J. Immunol • 

152S353Q-3S40) o 

For gene therapy or emtisense therapy, the 
claimed DNA may be introduced into target cells of an 
35 animal, eogc, a patient, using standard vectors and/ or 
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gene delivery syg^esis. Sul^sible gene delivery sys^esis 
may include liposomes, recept^or-media^ed delivery 
sys'tesis, iiaked DHA, and viral vecrbors such as herpes 
viruses , re^oviruses, adenoviruses, and adeno-associa1:ed 
5 viruses, asiong otiiiers. Delivery of nucleic acids a 
specific site in the body for gene therapy or antisense 
therapy s&ay also be accomplished using a biolistic 
delivery system, su^ as that described by Williams et 
alo, 1991, Procp Katlo Acado Sci* USA 8as272S--2729o 

10 Standard methods for transf ecting cells ^ith isolated DHA 
are ^ell knonn to those skilled in the art of molecular 
biology o Gene therapy and antisense therapy to prevent 
or decrease the development of arteriosclerosis or 
inhibit angiogenesis may be carried out by directly 

15 administering the claimed DKA to a patient or by 

transfecting endothelial cells ^ith the claimed DHA <bz 
vivo emd infusing the transf ected cells into the patient o 

DKA or transf ected cells may be administered in a 
pharmaceutically acceptable carrier o Pharmaceutically 

20 acceptable carriers are biologically compatible vehicles 
which are suitable for administration to an animal, eogo, 
physiological saline a A therapeutically effective amount 
is an amoimt of the DNA of the invention which is capable 
of producing a medically desirable result in a treated 

25 animal • As is well known in the medical arts, dosages 
for any one patient depends upon many factors, including 
the patient's size, body surface eorea, age, the 
particular compoxind to be administered, sex, time and 
route of administration, general health, and other drugs 

30 being administered concurrently. Dosages will vary, but 
a preferred dosage for intravenous administration of DKA 
is from approximately 10^ to 10^^ copies of the DHA 
molecule o The compositions of the invention may be 
administered locally or systemically • Administration 

35 will generally be parenterally, eog», intravenously; DMA 
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nay also be administered directly to the target site, 
e.g*, by biolistic delivery to an internal or external 
target site or by catheter to a site in an artery. 
Example 3: Idantif icatiion of Compounds Which Modulate 
5 TNF^g Downreoulation at V EgF Receplior fKDR/flk-1 or fltl^ 
Gene Expression 

As is discussed above, TNF-a downregulates 
expression of KDR/flk-l and fltl genes, each of which 
encodes a VEGF receptor. Thus, potentiating TNF-a 

10 downregulation of KDR/flk-l or fltl expression cam be 
izseful in decreasing endothelial cell growth and, 
th e r efore , in inhibiting processes such as angiogenesis. 
Conversely, dLnhibiting TNF-a downregulation of KDR/f lk-1 
or fltl expression can be useful in increasing 

15 endothelial cell growth in order to promote angiogenesis, 
as would be desirable in prcmoting wound healing or in 
the treatment of peripheral vascular disease. 

Modulation of endothelial cell growth can be 
achieved by administering a compound which blocks or 

20 enhances TNF-a-mediated inhibition of KDR/f lk-1 or fltl 
expression • Such a compoxind can be identified by methods 
ranging from rational drug design to screening of random 
compounds. The latter method is preferable, as a simple 
and rapid assay for carrying out the method is available* 

25 Small organic molecules are desirable candidate compounds 
for this analysis, as frequently these molecules are 
capable of passing through the plasma membrane so that 
they can potentially modulate TNF-a regulation of 
KDR/f lk-1 or fltl gene expression within the cell* 

30 *Che screening of small, membrane-permeable organic 

molecules for the eibility to modulate TNF-a 
downregulation of KDR/f lk-1 or fltl is carried out as 
follows* Cells expressing KDR/flk-l or fltl (e.g., 
HUVEC) are cultiured in the presence of TNF-a and the 

35 candidate compound* (Cells containing the KDR/f lk-1 (or 
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fltl) promoter operably liTOced to a reporter gene nay 
also be used in ttils method, provided tliat the promoter 
is active in the cells in the absence of THF-a . } The 
level of KDR/flk-1 (or fltl) expression (as measxjred by, 
5 e«g«. Northern blot analysis (see above), SNase 

protection analysis, or other stamdaurd methods) in these 
cells is compared to the level in cells cultured with 
TNF-^f but without the candidate conpoimd. 

An increase in KDR/flX-1 (or fltl) escpression 

10 indicates identification of a compotand which blocks TNP«-a 
downregulation of KDR/flk-1 (or fltl) expression. As is 
mentioned above, such a compound can be used in the 
treatment of conditions in which enhancement of 
endothelial cell growth or angiogenesis is desired, e.g., 

15 peripheral vascular disease, as well as for promoting 
wound healing. One specific condition in which 
angiogenesis is desired involves interruption of cardiac 
blood flow. Zn such situations, THF-a may hinder the 
natural angiogenic process which could control damage to 

20 cardiac tissue. 

A decrease in KDR/flk-1 (or fltl) expression 
indicates identification of a compound which potentiates 
TNF-a downregulation of KDR/flk-1 expression. Such a 
compound can be used to treat conditions in which 

25 decreased endothelial cell growth or angiogenesis is 
desired. For example, the growth of a tximor may be 
inhibited by treatment with such a compound. 

Confounds identified as having the desired effect 
(i.e., enhaoicing or inhibiting TNF-a downregulation of 

30 KDR/flk-1 or fltl expression) can be tested further in 
appropriate models of endothelial cell growth and 
angiogenesis which are known to those skilled in the art. 

The therapeutic compounds identified using the 
method of the invention may be administered to a patient 

35 by any appropriate method for the particular compound. 
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e.g.f orally, int;ravenously, parentiesrally, teeuisdenaally , 
traxismucosally , or by surgery or implan'tation (e.g., viUx 
t:he compound being in 1:he form of a solid or semi-*solid 
biologically compa^bible and resorbable matrix) at or near 
5 the site vbere the effect of tbe compound is desired. 
For exaiople, a salve or transdermal patch that can be 
directly applied to the slcin so that a sufficient 
quantity of the compound is absorbed to increase 
vascularization locally may be \ised. This method would 

10 apply most generally to wounds on the slcin. Salves 
containing the confound ceui be applied topically to 
induce new blood vessel formation locally, thereby 
improving oxygenation of the area and hastening wound 
healing. Therapeutic doses are determined specifically 

15 for each contpound, most administered within the range of 
0.001 to 100.0 mg/kg body weight, or within a range that 
is clinically determined to be appropriate by one sKilled 
in the art. 

];!yaTnpiQ 4? Identification of Compounds Ifliich Modulate 
20 the Effect of TKF-a on VEGF-Induced Epithelia l Cell 
Growth 

As is discussed above, TNF'-a inhibits VE6F- induced 
proliferation of endothelial cells (see, e.g.. Fig. 8 and 
the corresponding text) . Accordingly, compounds which 

25 modulate the effect of TNF--a on VEGF- induced endothelial 
cell growth can be used to treat conditions associated 
with endothelial cell growth, such as angiogenesis. Such 
compounds can be identified using the methods described 
above. For example, endothelial cells can be cultured 

30 with VEGF and TKF-a in the presence and absence of the 
candidate compound in order to determine whether the 
compound affects endothelial cell growth, which can be 
measured, e.g., by monitoring uptake of thymidine. 
As is discussed above, compounds foxxnd to have the 

35 desired effect (i.e., enhamcing or inhibiting THF-a 



inhibi-tion of VEGF-^ induced endothelial cell 
proliferation) can be tested further in appropriate 
s&odels of endothelial cell growth and angiogenesis , which 
are known to those skilled in the art. Compounds 
5 identified using this method are administered to patients 
as is described above in £x£unple 3. This method may also 
be carried out without the addition of VEGF, in order to 
identify compounds which modulate the effect of TNF-ce on 
the growth of endothelial cells in the absence of VEGF» 

10 ^lagamnle St Identification of the Cis-Actlng Ele ment in 
the KDR/flk^l Gene Reeniired for TWy-or Downreoulation 

Identification of the cis-acting element in the 
KDR/flk«l gene required for TNF«cs«mediated downregulation 
(the TKF-e«responsive element) , as well as the trans- 

15 acting factor which interacts with the 7HF-c»responsive 
element, will form the basis for the development of novel 
therapeutics for modulating conditions associated with 
endothelial cell growth, such as angiogenesis, vascular 
disease, and wound healing. 

20 Identification of the cis-acting elements of a 

gene, as well as the corresponding trans-acting factors, 
are carried out using standard methods in the eort (see, 
e.g., Sambrook et al« , 1989, Molecular Clonings A 
Iiaboratory Memual, Second Edition, Cold Spring Harbor 

25 Laboratory Press, Cold Spring Harbor, New York; Ausubel 
et alo , eds. , Current Protocols in Sdolecular Biology, 
Wiley & Sons, New York, 1989) . For example, as a 
steirting point, ONAse I hypersensitivity experiments can 
be carried out in order to identify regions in the gene 

30 which potentially bind regulatory factors. 

Identification of the precise sequences of the cis-acting 
element (e.g., the TNF»a responsive element in the 
KDR/flk-l gene) can be carried out xjtsing standard 
promoter deletion analysis « A construct including 

35 KDR/flk-1 sequences that confer TKP-a downregulation to a 
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repoirber gene -bo wiilch "the sequences are operably linked, 
can be progressively deleted, by 5', 3', and/ or nested 
deletions, until the effect of TNF-a on the expression of 
the reporter gene in tremsfected cells is reduced. 
5 Promoter deletion constructs, such as those d escr ibed 
above, cem be used to begin this analysis. To confirm 
the identification of the THF-cr-responsive element 
identified in the deletion studies, point mutations can 
be introduced into the element, using standard methods, 
10 in the context of the full promoter. 

The KDR/flX-1 TNF-ce-responsive element can then be 

4 

used as a tool for identifying trans -acting factors which 
bind to it, and thus are likely to be components of the 
pathway of TKF-a downregulation of KDR/flk-*l. To 

15 determine whether a protein binds to the element, 
standard DKA footprint ing smd/or native gel— shift 
analyses can be carried out. Xn order to identify the 
trans-acting factor which binds to the TMP-a-responsive 
element, the element cem be used as an affinity reagent 

20 in standard protein purification methods, or as a probe 
for screening an expression library. Once the trans- 
acting factor is idemtif ied, modulation of its binding to 
the TNF-a-responsive element in the KDR/flK-1 gene can be 
pursued, beginning with, for example, screening for 

25 inhibitors of trans-acting factor binding. Enhancement 
of TNF-a downregulation of KDR/flk-l expression in a 
patient, and thus inhibition of angiogenesis, may be 
achieved by administration of the trans-acting factor, or 
the gene encoding it (e.g., in a vector for gene 

30 therapy). In addition, if the active form of the trans- 
actjLng factor is a dimer, dominant-negative mutants of 
the trans-acting factor could be made in order to inhibit 
its activity. Fxirthermore , upon identification of the 
TNF-a-responsive element in the KDR/flk-l gene, and its 

35 corresponding trans -^acting factor, further components in 
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the TNF-a pathway of KDR/flk-1 downregulation can be 
identified. Modulation of the activities of these 
components can then be pursued, in order to develop 
additional drugs and methods for modulating endothelial 
5 cell growth and angiogenesis • The methods described in 
this example can also be carried out with the fltl gene. 

Other Embodiments 
In addition to antisense therapy for inhibition of 
angiogenesis, esq^ression of KDR/flk-1 in endothelial 
10 cells can also be carried out by inhibiting the binding 

r 

of transcription factors, e.g., SP-1 and NFkB, to 

the cis-acting binding sites in the promoter sequences of 
the invention. For example, treuiscription can be 
inhibited using dominant negative mutemts of 

15 tTcUiscription factors, e.g., a dominant negative mutant 
of AP-2 which binds to the AP-l binding site but fails to 
activate transcription. iULtemati vely , compounds which 
downregulate production of tremscription factors, e.g., 
retinoic acid or dexamethasone which downregulate 

20 production of AP-2 and NFkB, can be administered to 
inhibit angiogenesis by inhibiting expression of 
KDR/flkL-l. 
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(il) TITLE OP INVENTION :TRANSCRXPTIOKAL REGULATI ON O F GENES E NgouXM G 

VASCITLAR ENDOTHELIAL GROWTB FACTOR RECEPTORS 

(Hi) NUMBER OF aBQUENCESs 16 

(Iv) OORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Fish fi Richardson P»C. 

(B> STREET: 225 Franklin Steeet 

(C) CITY: Boston 

(D) STATE: MA 

(E) COUNTRY: USA 

(F) ZIP: 02110-28Q4 



(V) COHPUTER READABLE FORH: 

(A) ISEDIUM TYPE: Floppy disk 

(B) CGHFUTSR: IBM PC compatible 

(C) OCTRATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTKAREs Patentin Release #1.0, Version #1.30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBERt 08/573,692 

(B) FILING DATE: DBC-X6-X995 

(C) CLASSIFICATIONS 



(vll) PRIOR APPLICATION DATAx 

(A) APPLICATION NUMBERS 08/494,282 
(B> FILING DATES JUN-23-1995 
(C) CLASSIFICATION I 



(▼ill) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Fraser, Janls K.« 

(B) REGISTRATION NUMBER: 34 r 819 

(C) REFERENCE/DOCKET NUMBER: 05433/021001 

(Ix) TELBOOMMUNI CATION INFORMATION: 

(A) TELEPHONE: 617/542-5070 

(B) TELEFAX: 617/542-8906 

(C) TELEX: 200154 

(2) INFORMATION FOR SSQ ID NOsl: 



(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTHS 62 base pairs 
<B) TYPES nneleic acid 

(C) 8TRANDEDNESS : both 

(D) TOPOLOGY: linear 



(11) MOLECULE TYPE: DNA 
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(Xl) SSgfOERCS DESCRXFTXOT: SSQ ZD NOsll 
TTU ' ryUCrCT GGG&TOTTCT CTCCTGGGCG ACTTOGGGCC CAGCGCAGTC C3U2T7GTGTG 60 
GG " 

(2) IK70RM&TI0K FOR SSQ ZD NO: 2; 

(1) SEQUKWCB CH aR&CTEKZSTZCS: 

(A) Z4ENGTH: 19 base pairs 

(B) TTFSs nucleic acid 

(C) STRABDSDNESS t bOt;h 

(D) TOPOLOGY s linear 

(11) MOU:CDL£ TTPB^ OKA 



(xl) SEOOEKCE DESCRZPTXONs SEQ ZD NOi2t 
GCTGGCCGCA OGGGAGAGC 
(2) ZNFCXRKA!rXON FOR SSQ ZD NOs3: 

(i) SSQOENCB GHARACTSRZSTZCS s 

(A) XJSSGTEt 36 base pairs 

(B) TZFEs nucleic acid 

(C) STRaHDEDNESS I both 

(D) topoijOGYs linear 

(11) HOI.ECUIJB TYPE: DKA 



(xl) SEQUENCE DESCRZPTZON: SSQ ZD NO: 3 s 
GCTG6C06CA CGGGAGAGCC CCTCCTCCGC CCCG6C 



(2) ZKFORKAZZON FOR SEQ ZD NO:4i 

(1) SSQDENCE CBMU^CTERZSTZCSi 

(A) I^ENGTHx 22 base pairs 

(B) TYPE: nucleic acid 

(C) STR2UNDEDNESS : bot:h 

(D) TOPOUOGYz linear 

(U) MOZJBCULB TYPE: DNA 



(xl) SE03ENCE DESCRZPTZON: SEQ ZD NO:4: 
GGAZATCCTC TCCZAOOGGC AC 



(2) ZNFORUATZON FOR SEQ ZD NO:5: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 493 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDSDKESS I bot;h 
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(D) TOPOLOGT: linear 
<11) MOLSCOLB TYPE I DKk 



(Xl) SBQUSSCS DSSCRXPTXONt SSQ ID 2iOs5s 

TT6TTGCTCT GGOATCTTCT CTCCTGC5GCG &CTTGG6GOC CftGOGCftGTC CAGTTGT6TG 60 

GGG&MXGGG GAGATGTA^ TG6GCTTGG& GAGCTGGAG& T C CC CG COCG GTIkCCXXKKn 120 

G2U5GGGOGGG GCT6GCC6CA OGGGAGAfiCC CCTCCTCCGC CCC66CCCC6 CCCOCSC3V7G6 180 

CCCGGCCTCC GC6CrcZM3& GTTT06GCTC GASCTCCC&C CCTGCACTGH G7CCCGG6AC 240 

CCOGGGAGAG OGGTCAG7GT GTGGTC6CTG C6TTTCC7CT GCCTGCGCCG GGCATCACTT 300 

GCGCGCCGCA GA^U^GTCCGT CTGGC3^CCT GGATATCC7C TCCTACCGGC ACCOGGAGAC 360 

6CCCCT6CAG CCGCOGGTCG 6CGCCCGGGC TCCCTAGCCC T6TGCGCTCA ACTGTCCTGC 420 

6CTGOGGG6T GCCSCGAGTT CCACCTCC6C GCCTCCTTCT CTAGAGAGGC 6CTGGGAGAA 480 

AGAACOGGCT OCC 493 

(2) XHFORMAnOK FOR SEQ ID NO: 6s 

(1} 8E0DEKCE CSARACTERI8TXCS s 

(A) IiENOTHs 352 base pairs 

(B) TYFEi xuielelc add 

(C) S7RASDEDBSS8S both 

(D) TQPOUOGr: linear 

(11) MOLBCDLE TYPE: DKA 



(xl) SEQDENCE DESCRIPTIONS SEQ ID nOi6s 

TTGTT6CTC7 GGGATGTTCT CTCCTGGGOG ACTTGGGGCC CMSCGChGTC CAGTTGTGTG 60 

GGGAAATGGG GAGATGTAAA TGGGCTTGGG GAGCTGGAGA TCCCCGCCGG G7ACOCX5GGT 120 

GAGGG6CGGG 6CTGGCOGCA CGGGAGAGCC CCTCC7COGC CCCGGCCCOG CCCCGCATGG 180 

CCCCGCCTCC GOGCrCZAGA GTTTCGGCTC CAGCTCCCAC CCTGCACTGA GTCCCGGGAC 240 

CCOGGGAGAG OGGTCAQTGT GTGGTOGCTG OGTTTCCTCT GCCTGCGCCG GGCATCACTT 300 

G06CGCC6CA GAAAGTCCGT CTG6CAGCCT GGAXATCCTC TCCTACCGGC AC 352 

(2) imrORMATIOH FOR SSg ID NOs7i 

(1) SEQUENCE CHARACTERISTICS : 

(A) liENGTH: 1267 base pairs 

(B) TZFE: nucleic add . 

(C) STRANDEDNESSs both 

(D) TQPOiOGrs linear 



(11) HOLECOLS TTPE: DNA 
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(3cl) SSQDEKCE D£SCRXPIIC»a s SEQ ID NOs7: 

60 

OCCR&ft CTTT C&CT3US6GCT CTTC6TT6GG GAGCIkCGJlTG GACAA&AGCC TTCTTGGGGC 120 
TAGGCftGGTC ACTTCAA&CT TGG&BOCGCC MAZATTTTO 66&MXAGOG GGAftTGCTGG 180 
CG&ACTGG6C AACTGOGTTT TCTGAZTIkAG AGCAACCa^ TTCAGCTTTT TA&ACXAC&A 240 
TTATACTGGC CAAACAAAA.T ACCCTTATAC AA&AACCAAA &CTACTG6CA GGASTC6CTG 300 
CCAGCTTCOG ACCTOGCAIA CTTGGCTGAG UkTCCGCTXC TCCCTTGTGC CTGOAAACTG 360 

420 

06CCTGGTGA GG6AG066T6 CTCTTCGCAO CGCTCCTGGT GATGCTCCCC AAATTTCGGG 480 



540 
600 
660 
720 

CCCOGCCCra CaUGGCCCCG CGTCCGGGCT CTAGAGTTTC . GCCTCCAGCT CCCACCCTGC 780 

640 

900 

960 

1020 

1080 

1140 

1200 

1260 

1267 



(2) IKFORHATION FOR SSQ ID NOtSi 

.(1) SEQUE9CE CHARACTERISTICS: 

(A) liSNGTHs 500 base paixB 

(B) TTFSt nucleic acid 

(C) STRAHDEDNESS : bo^ 

(D) TOPOLOGY: linear 

(11) MOLECULE TTPB: DZIA 



(Xi) SEQUENCE DESCRIPTXC^I? SEQ ID NOx8s 
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ACTTCTACC& GftAllCOGAGC TGOGTCCAGIk TXTGCTCTC& G&TSCG2^CTT GCC6CCCGGC 60 

ACJUSTCCGGG 6TAGTGGGG6 A6TG6GOGTG GG&2kACOG6G A&ACCCMkAC CTGGTATCdk 120 

6TGGGGG6G9G TGGCCGGACG C3UKKSAGTCC CCACCCCTCC OGGTAATGAC CCCGCCCCC& 180 

TTC6CTAGTG T6T&GCOGGC GCTCTCTTTC TGCCCTG&GT CCTCAGGACC CCAAGAGAGT 240 

AlkGCT G T G T T TCCTTSUOATT C66G6ACCGC TSiCCOGGGAG GftCTG&A2U^ CCAGACTGT6 300 

TCCCGCAGCC GGGAZMCCT 6GCTGACCCG ATTCCCCGGA CACCGCTCCA GCC6CG6CTG 360 

G2^;CC&86GC GC0G6I6CCC CSOG CTC TC C CC6GTCTTGC GAAGGAGTCT 6TGCCTGAGA 420 

AACTGGGCTC TGIGCCdkGG C6CGAG6T6C AG6ATG6A6A GCAAG60GCT GCTA6CTGTC 480 

GCTCTGTGGT XCTGCGTGGA 500 

(2} XRFORMAXXON FOR SEQ ID ROs9s 

(1) SEQUSNCE CHARACTBKISnCS: 

(A) LEK67H: 32 base pairs 

(B) TYFBt nucleic acid 

(C) STRARDBDSIESS : both 
(P) TQPQLOGYs linear 

(11) MOLSCDZiS T7PE: OKA 



(Xi) SSgOSNCE OESCRZFTIC»l : SBQ ID nOt9t 
CT6TCTAGAG AAS6AGGOGC GGl^TGGAA CT 32 

(2) HffFCmKATZON FOR SEQ ID HO: 10s 

(1) SEQDSNCB CBARACTERZ8TZCSS 

(A) LENGTH: 26 base pairs 

(B) TtV^t nucleic acid 

(C) STRAZfDEDNESS I both 

(D) TOPOLOGirs linear 

(11) KQLECUI.E TTPE: DNA 



(Xl) SEQXnSliCE DESCRIPTION I SEQ XD KOtlOs 



(2) IRFQRKSJriON FOR SEQ ID NOtll: 

(1) SSQDENCE CHARACTERISTICS: 

(A) I£NGTHs 26 base pairs 

(B) TYPE: nucleic acid 
<C) STR&NDEDNESS : both 

(D> TOPOLOGY: linear 

(11) MCSLECULE TYPE: DKA 



26 
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(Xl) SBgDENCB DESCRIFTIQN: SBQ ID NOslli 



(2) IKFORH&TION FOR SBQ XD MOil2: 



(1) SEQUENCE 

(Jk) LEKGTHi 27 base paJLrs 

(B) TYPE: nucleic acid 

(C) STRARDEDNESS : hath 

(D) TOPOLOCnr: linear 

(11) HOLECaiiE TYPES DKA 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO; 12s 

GGATGTT 27 



(2) INFORH&TION FOR SEQ ID NOtl3; 
(i) 



(A) LENGTHS 27 base pairs 

(B) TYPE: nucleic add 

(C) STRASDEDNESS: both 

(D) TOPOLOGY s linear 

(11) MOLE0m.S TYPEi DNH 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
TGTAAGCTT6 GGAGCOG6TT CTTTCTC 



(2) IRFQRHATION FOR SEQ ID NO:14: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNES5 : both 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPBt DNA 



(xl) SEQOENCB DESCRIPTION: SEQ ID NO: 14: 
CCCT(3CACTG A 



(2) INFORMATION FOR SEQ ID NO: 15: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(11) KOLBCDIiS TTPBt protein 

(Xl) SSQaENCS DESpXaPTIOT: SSQ ID HOilS: 

Het Gin Ser Lys V&l I.eu Leu Ala V&I Ala Leu Trp Leu Cys Val Glu 
15 10 15 



Thr Arg Ala Ala Ser Val 

20 



(2) ZKFORMATXOl!! FOR SEQ ID NOsl6t 

(1) SEQUENCE CHARACTERISTICS t 

(A) LENCTHs 16 amino acldB 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(11*) MOLECpLS TYPE: protein 

(xl) SEOfDEKCE DESCRXFTrON: SEQ ID NO: 16: 

Met Glu ser Lys Ala Leu Leu Ala Val Ala Leu Trp Phe Cye val Lys 
15 10 15 



Other embodiments are within the following claims 
What is claimed Is: 
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1. 



GUnfi: 

pure DNA conprising a 
identical to SEQ ID NO:l, 



said DNA regulates 
transcription of a 
5 it is operably li 



polypeptide*-encoding sequence to wlxidi 



2. The DNA of claim 1, wherein said DNA further 
comprises a sequence substantially 
NO: 2 or a sequence substantially 
HO: 3. 



identical to SEQ XD 
identical to SEQ XD 



10 



3« The DNA of claim 1, 
a 



DNA 

identical to SEQ XD 



NO: 4. 



4. The DNA of claim 2, herein said DNA further 
coiqsrises a sequence substantially identical to SEQ XD 



15 NO: 4. 



5. A substantially pure DNA comprising a 
sequence substantially identical to SEQ ID NO: 6, wherein 
said DNA regulates endothelial cell -specif ic 
transcription of a polypeptide-encoding sequence to which 
20 it is operably linked « 



6. A substantially pxire DNA comprisdLng a 
sequence sxibstantially identical to SEQ XD NO: 5, wherein 
said DNA regulates endothelial cell-specific 
transcription of a polypeptide-encoding sequence to which 

25 it is operably linked • 

7. The DNA of claim 1, wherein said DNA is 
operably linked to said polypeptide-encoding sequence and 
functions to regulate endothelial cell-specific 
transcription of said polypeptide-encoding secjuence. 
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8» The DMA of claisi 7, wherein said polypepliide- 
encoding sequence does not encode KDR/flk-1. 

9. The DBA of claim 8, wherein said polypeptide 
Is chosen frcm a group consisting of tissue plasminogen 

5 activator, p21 cell cycle inhibitor, nitric oxide 
synthase, interf eron-y , and atrial natriuretic 
polypeptide. 

10. A vector comprising the DNA of claim 8. 

11. A method of directing endothelial cell- 
10 specific expression of a polypeptide, coxi^>rising 

introducing into an endothelial cell the vector of 
claim 10. 

12. An endothelial cell comprising the vector of 
claim 10. 

15 13. A method of inhibiting arteriosclerosis in an 

animal, comprising contacting an artery of said animal 
with the vector of claim 10, wherein said polypeptide 
reduces or prevents the development of arteriosclerosis. 

« 

14. The method of claim 13, wherein said 

20 polypeptide reduces proliferation of smooth muscle cells. 

15. A substantially pure DHA with a sequence 
stxbstantially identical to SEQ XD NO:l, wherein said DKA 
regulates endothelial cell— specif ic transcription of an 
antisense template to which it is operably linked. 

25 16. The DNA of claim 15, wherein said DNA is 

operably linked to said antisense template and wherein 



wo 97m9S7 PCT/US96/10725 



said DHA funcrtions to regulate endothelial cell-specific 



17 « Che DMA of claisi 16, wherein said antisense 
template is complementary to an mRNA encoding an 



18. The DMA of claim 14, vheredLn said endothelial 
cell polypeptide is KDR/flk-l. 

19, The DNA of claim 17, wherein said endothelial 
cell polypeptide is chosen from a group consisting of a 

10 cell cycle protein, a coagulation factor, and a cell 



20. A method of treating cwcer in an animal, 
coiz^rising contacting a tumor site in said animal with 
the DNA of claim 18, wherein said DNA reduces or prevents 



21. A method of measuring the ability of a 
candidate compound to modulate TNF-a downregulation of 
expression of a vascular endothelial growth factor 
receptor gene, said method comprising the steps of: 
20 (a) providing a cell comprising the promoter of 



operably linked to a reporter gene; 

(b) cultiiring said cell in the presence of TNF-a 
and said candidate compound; and 
25 (c) determining the level of et^ression of said 

reporter gene as a measure of the ability of said 
candidate compound to modulate TNF-^a downregulation of 
expression of said vascular endothelial growth factor 
receptor gene. 
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22. A ne'tliod of neasizrlng tbe eiblllty of a 
candidate compound to modulate TNF-a inhibition of VEGF- 
induced endothelial cell proliferation, said method 
comprising the steps of: 

5 (a) providing an endothelial cell; 

(b) culturing said cell in the presence of TNF-a, 
VE6F, and said candidate compound; smd 

(c) determining the level of endothelial cell 
growth as a measure of the ability of said candidate 

10 compound to modulate THF-a inhibition of VEGF-induced 
endothelial cell proliferation. 

23. A method of inhibiting angiogenesis in a 
patient, said method comprising administering to said 
patient a non-TNF-a compound which activates the TNF-a 

15 pathway of downregulating eatress ion of a vascular 

endothelial growth factor receptor gene in an endothelial 
cell* 

24. A method of enhancing angiogenesis in a 
patient, said method comprising administering to said 

20 patient a non-TNF-a compound which inhibits the TNF-a 
pathway of downregulating esqpression of a vascular 
endothelial growth factor receptor gene in an endothelial 
cell. 

25. A method of inhibiting angiogenesis in a 
25 patient, said method comprising administering to said 

patient a polypeptide which inhibits expression of a 
vascular endothelial cell growth factor receptor gene in 
an endothelial cell by binding to the TNF-a-responsive 
element in the promoter of said vascular endothelial cell 
30 growth factor receptor gene. 
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